A methanolic extract from aerial parts of Polygonum hyrcanicum (Polygonaceae) showed high activity against Trypanosoma brucei rhodesiense (IC 50 =3.7 µg/mL). Bioassay-guided fractionation of the extract resulted in isolation of cinnamoylphenethyl amides, including N-trans-caffeoyltyramine (1), N-trans-p-coumaroyltyramine (7), and N-trans-feruloyltyramine (8) as the main active constituents (IC 50 s ranging from 2.2 to 13.3 µM). Some structurally related, but less active compounds, such as cannabisin B (2), tyrosol (3), p-coumaric acid (4), ferulic acid (5), and N-cis-feruloyltyramine (6) were also identified, along with N-trans-3,4-dimethoxycinnamoyldopamine (9). Cytotoxicity of the active compounds in L6 cells was determined, and selectivity indices (SI) of 7.9 to 33.4 were calculated.
Sleeping sickness, also known as human African trypanosomiasis (HAT), is a life-threatening illness caused by the protozoan parasite Trypanosoma brucei. The parasite is transmitted through the bite of an infected tsetse fly. About 60 million people are at risk of trypanosomiasis, and more than 50,000 people are affected each year [1] . The few active drugs available for the treatment of HAT are harmfully toxic, requiring extensive hospitalization or regular follow-ups. Melarsoprol, an organoarsenic compound discovered in 1949, is the only effective drug against the late stage of sleeping sickness. However, the compound causes encephalopathy in 10% of the patients and kills 50% of them [1] . Hence, there is a clear need for discovery of new drugs against HAT.
Polygonum hyrcanicum Rech. f. (Polygonaceae) is an endemic species growing widely in northern areas of Iran [2] . The plant is known as Gheq-buqun in the Turkmen Sahra region (southeast of the Caspian Sea), where decoctions prepared from the aerial parts have been used for the treatment of liver problems, anemia, hemorrhoids, and kidney stones [3] . In a screening of Iranian medicinal plants against tropical parasitic diseases, we investigated the anti-trypanosomal activity of P. hyrcanicum.
Flowering aerial parts of the plant were sequentially extracted with n-hexane, ethyl acetate, and methanol. The methanolic extract showed good in vitro activity against Trypanosoma brucei rhodesiense (IC 50 = 3.7 µg/mL). The extract was subsequently fractionated by normal phase chromatography on silica gel. Further separation of the active fractions by RP-18 HPLC afforded five cinnamoylphenethyl amides, N-trans-caffeoyl tyramine (1), N-cis-feruloyl tyramine (6) , N-trans-p-coumaroyl tyramine (7) , N-trans-feruloyl tyramine (moupinamide) (8) , and N-trans-3,4dimethoxy-cinnamoyl dopamine (9), a lignan amide, cannabisin B (2), p-coumaric acid (4), ferulic acid (5), and tyrosol (3) ( Figure 1) . The purified compounds were tested against T. brucei rhodesiense ( Table 1 ). Cytotoxicity of the compounds was assessed in L6 cells, and selectivity indices (SI) calculated ( Table 1 ). Compounds 1 (IC 50 = 2.2 µM) and 8 (IC 50 = 8.3 µM) were the main antitrypanosomal constituents of P. hyrcanicum, and showed SIs of 29.5 and 33.4, respectively. Compounds 3 and 5 were essentially inactive, while the other compounds gave IC 50 s in the range of 10 to 50 µM and selectivity indices between 4.6 and 11.9. It seems that the substituents at the cinnamoyl residue have a significant influence on the activity of these amides. Hence, the caffeoyl derivative 1 (IC 50 = 2.2 µM) was more active than the coumaroyl derivative 7 (IC 50 = 13.3 µM) and feruloyltyramine 8 (IC 50 = 8.3 µM). Among isomers 6 and 8, the E-isomer 8 (IC 50 = 8.3 µM) was more active than the Zisomer 6 (IC 50 = 24.1 µM). Cinnamoylphenethyl amides are known to isomerise rapidly in UV light [4] . Hence, compound 6 is likely to be an artifact formed during the isolation procedure.
Cinnamoylphenethyl amide derivatives are extensively found in higher plants, and have been reported in over 30 plant families [5] . They have been characterized as the main phenolic constituents of reproductive organs of flowering plants [6] . However, cannabisins, which are the dimeric form of cinnamoylphenethyl amides, have been identified in only a few members of the plant kingdom. Fruits of Cannabis sativa (Cannabinaceae) [7] , seeds of Hyoscyamus niger (Solanaceae) [8] , seeds of Xylopia aethiopica [9] , stems of Mitrephora thorelii [10] (Annonaceae), and root bark of Berberis vulgaris (Berberidaceae) [11] are the main identified sources of cannabisin derivatives. Among the amides mentioned above, N-cisferuloyltyramine 6 [12] and N-trans-feruloyltyramine 8 [12, 13] were previously reported in Polygonum species, while compounds 1, 2, 7, and 9 are reported for the first time from the genus. Interestingly, N-trans-3,4-dimethoxy-cinnamoyldopamine 9 has been known up to now only as a synthetic compound [14] and is described here for the first time as a natural product. Cinnamoylphenethyl amides reportedly possess a spectrum of activities, such as cytotoxic [15] , antitubercular [16] , antifungal [5] , and hepatoprotective properties [17] . Inhibition of melanocytetyrosinase [18] , of cyclooxygenases, and of platelet-leucocyte interaction due to the suppression of P-selectin expression [19, 20] has been described. Hence, this is the first report of antitrypanosomal activity of this class of compounds which, at the same time, appear to possess some degree of selectivity. (Tables S1-S4 ). 13 C chemical shifts were extracted from indirect measurements via 2D NMR experiments.
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Antitrypanosomal assay: Preparation of T. b. rhodesiense STIB 900 stocks and culture media for the bloodstream forms was according to the method of Baltz et al. [21] , with some modifications, as previously described [22] . IC 50 values were calculated from sigmoidal concentration inhibition curves. Melarsoprol was used as a positive control. Assays were carried out in 3 independent experiments in duplicate.
Cytotoxicity assay:
Cytotoxicity was determined using rat skeletal myoblasts (L6 cells). Pure substances were tested as previously described [22] . Podophyllotoxin was used as a positive control. IC 50 values were calculated from sigmoidal growth inhibition curves. Tests were run in 3 independent experiments in duplicate.
Supplementary data: 1 H and 13 C NMR data of compounds 1-9 can be found in the supplementary information.
